Ann Coloproctol 2019;35(2):72-82 https://doi.org/10. 3393/ac.2019.04.22 Purpose: Treatment after failure of circumferential resection margin (CRM) conversion after preoperative chemoradiotherapy (pCRT) for locally advanced rectal cancer (LARC) has not been evaluated well. We conducted a single-center, retrospective analysis to fill this information gap. Methods: From 2008 to 2016, we included 112 patients who had predictive CRM involvement on baseline magnetic resonance imaging (MRI) and who underwent surgery following pCRT for LARC. Baseline and posttreatment radiologic and clinical factors were analyzed. Results: Of 493 patients with LARC, 112 had CRM involvement by baseline MRI (mrCRM). In 40 patients (35.7%), mr-CRM involvement was converted as negative posttreatment CRM (ymrCRM−). Multivariate analysis showed the risk factors for persistent CRM involvement (ymrCRM+) after pCRT were extramural venous invasion (mrEMVI+) (P = 0.030) and lower tumor location (P = 0.007). In addition, persistent CRM involvement after pCRT was an independent risk factor for predicting pathologic CRM involvement. The Cox proportional hazard model showed baseline positive mrEMVI remained significant for disease-free survival (DFS) (P < 0.001). On posttreatment MRI, abdominoperineal resection (P = 0.031), intersphincteric resection (P = 0.006), and persistent CRM involvement (P = 0.001) remained significant for local recurrence-free survival. With regard to DFS, persistent CRM involvement (P = 0.048) and positive EMVI on posttreatment MRI (ymrEMVI) (P = 0.014) were significant. In the patient subgroup with persistent CRM involvement, 5-year DFS in patients with mrEMVI and ymrEMVI was 29.8% and 21.2%, respectively. Conclusion: Patients who fail to convert to negative CRM have extremely poor oncologic outcomes. Lower tumor height and negative mrEMVI status were good responders to ymrCRM conversion. Our results suggest that these patients require a more intensive treatment modality.
INTRODUCTION
After introduction of total mesorectal excision (TME) and preoperative chemoradiotherapy (pCRT), the local recurrence rate after surgery for locally advanced rectal cancer (LARC) decreases significantly [1] . Over the last decade, continuous efforts have been made to use tailored treatment strategies for these patients. Although there are many efforts to preserve the rectum and to improve the functional outcome of LARC treatment [2, 3] , knowledge of tumors that require more extensive surgical and/or oncologic treatment is limited.
In this regard, the most recent National Comprehensive Cancer Network (NCCN) guidelines recommend an additional 12 to 16 weeks of chemotherapy, if persistent circumferential resection margin (CRM) involvement or residual bulky tumor is revealed on restaging magnetic resonance imaging (MRI) after completion of pCRT. However, this strategy has not been supported by firm evidence and was only assessed in a small study with 45 patients [4] . Furthermore, few studies have evaluated the oncological outcome of patients with failed CRM conversion after pCRT for LARC, and the number of patients included was limited (38-88 patients) [5, 6] .
In this study, we report the results for oncologic outcomes of patients who had CRM involvement on pretreatment MRI. This study aimed to identify the predictors of persistent CRM involvement despite the use of current standard long-course pCRT and pathologic CRM. Furthermore, we also assessed the prognostic relevance, as judged by local recurrence-free survival (LRFS) and disease-free survival (DFS), of posttreatment MRI parameters in patients with persistent CRM involvement.
METHODS
Prospectively collected data from 493 patients with rectal cancer who underwent surgery after pCRT at our tertiary care academic center between January 2009 and June 2016 were reviewed retrospectively. The study was approved by the Institutional Review Board of Chonnam National University Hwasun Hospital (TMP-2019-85), which waived the requirement for informed consent in this retrospective study. Of 493 patients, 112 had CRM involvement based on pretreatment MRI. Patients with negative CRM involvement (n = 365) and metastatic disease (n = 5), those who refused to undergo surgery (n = 2), those without baseline MRI (n = 8), and those who underwent local excision (n = 1) were excluded (Fig. 1) . Pretreatment clinical evaluation included physical examination, rigid sigmoidoscopy, colonoscopy, abdominopelvic computed tomography (CT), rectal MRI, chest CT, and measurement of serum carcinoembryonic antigen (CEA).
All patients treated with pCRT underwent posttreatment MRI 4-6 weeks after completion of pCRT. Details of the pCRT have been previously described [7] . Radiotherapy consisted of 4,040-4,500 cGy in 25-28 fractions delivered to the primary tumor and pelvic lymph node by using a 4-field box technique. During the first and fifth weeks of radiotherapy, chemotherapy, consisting of 5-fluorouracil (425 mg/m²/day) and leucovorin (20 mg/m²/day), was administered intravenously. Adjuvant chemotherapy was initiated 4-6 weeks postoperatively in patients who received preoperative or postoperative CRT. MRI was assessed by 2 radiologists and reviewed at a multidisciplinary team meeting. The distal edge of the rectal tumor was measured from the anal verge on the basis of rigid sigmoidoscopy, and tumors within 15 cm were included in the study. Low rectal cancer was defined as having low (<5 cm), mid (≤5 and <10 cm), and upper borders (≥10 cm) from the anal verge. In addition, tumor size, lymph node involvement, CRM, and vascular invasion were measured using electronic calipers on a PACS system. Baseline MRI CRM (mrCRM) involvement was defined if the tumor distance to the mesorectal fascia was <1 mm on MRI. Tumor regression grade by MRI (mrTRG) was defined as previously reported [8] . In this study, the 5-score system was simplified to a binary score (1/2 vs. 3/4/5).
Surgical options included high ligation of the inferior mesenteric artery, TME, or extended TME (TME with en bloc resection of the adjacent involved organ). The interval between preoperative CRT and surgery was 6-8 weeks. The patients underwent standardized follow-up at 3-month intervals for 2 years and at 6-month intervals for the next 3 years. Local recurrence was defined as any recurrent disease in the pelvic cavity, including bowel anastomosis. Distant metastasis was defined as disease outside the pelvis.
The χ 2 test or Fisher exact test was used to analyze the significance of categorical variables, and the Student t-test was used for continuous variables. Univariate logistic regression analysis was used to identify the predictors of ymrCRM and pathologic CRM (ypCRM) in the pre-and posttreatment variables, respectively. Variables that were significant at P < 0.10 in the univariate analysis were considered in a backward stepwise multivariate logistic regression model. The Kaplan-Meier method was used to establish the effects of each variable, and log-rank tests were used to compare survival curves. Multivariate survival analyses were performed using Cox regression models with calculation of hazard ratios (HRs) and 95% confidence intervals (CIs). These analyses were performed separately on the pretreatment variables (i.e., mrT, mrN, and mrEMVI), posttreatment variables (i.e., ymrT, ymrN, ymrCRM, ymrEMVI, and ymrTRG), and pathologic variables (i.e., ypT, ypN, ypCRM, and ypTRG). P < 0.05 was considered statistically significant. Statistical analysis was performed using R ver. 3.4.3 (R Foundation for Statistical Computing, Vienna, Austria). 
RESULTS
The median follow-up period of our cohort of 112 patients was 40.6 months (range, 4.2-107.6 months). Of the 112 patients considered to have potential mrCRM involvement before pCRT, 40 (35.7%) had mrCRM conversion. Table 1 shows the demographic characteristics and association between persistent CRM involvement and variables defined before pCRT. Univariate analysis showed baseline MRT (P = 0.020), EMVI (P < 0.001), and tumor location (P = 0.055) were associated with persistent CRM involvement. Multivariate analysis using logistic regression showed that lower tumor location (odds ratio [OR], 3.927; 95% CI, 1.492-11.182, P = 0.007) and positive EMVI on baseline MRI (OR, 3.319; 95% CI, 1.146-10.149; P = 0.030) were significant predictive factors for persistent CRM involvement. Table 2 summarizes the results of uni-and multivariate analyses of posttreatment MR-based variables based on pathologic CRM involvement. Univariate analysis showed posttreatment CEA (P = 0.038), posttreatment MR T (ymr) (P = 0.005), ymr N (P = 0.021), ymr EMVI (P = 0.002), persistent CRM involvement (P < 0.001), surgery type (P = 0.018), and ymr TRG (P = 0.036) were significantly associated with pathologic CRM involvement. Multivariate analysis showed persistent CRM involvement on post-treatment MRI (OR, 7.030; 95% CI, 1.497-52.515; P = 0.025), intersphincteric resection (ISR; OR, 5.748; 95% CI, 1.765-21.801; P = 0.006), and abdominopelvic resection (APR; OR, 6.164; 95% CI, 219-35.071; P = 0.031) were significant predictive factors of pathologic CRM involvement.
During the follow-up period, the local recurrence was 20 of 72 (27.8%) and 4 of 40 (10.0%) in the persistent CRM involvement and converted CRM groups, respectively. Distant metastasis was found in 42 of 72 patients (58.9%) and 12 of 40 patients (30.0%) in the persistent CRM involvement and converted CRM groups, respectively. Uni- (Table 3 ) and multivariate (Table 4) analyses were performed to address the prognostic significance of persistent CRM status for LRFS and DFS, as well as other parameters. Of pretreatment variables, baseline positive mrEMVI remained significant for DFS (HR, 6.007; 95% CI, 1.846-19.546; P < 0.001). For the posttreatment variables, APR (P < 0.001) and ISR (P < 0.012) remained significant for LRFS. In addition, persistent CRM involvement (HR, 4.380; 95% CI, 1.469-13.058; P = 0.008) showed significance. With regard to DFS, persistent CRM involvement (HR, 1.832; 95% CI, 1.020-3.702; P = 0.048) and positive ymrEMVI (HR, 2.111; 95% CI, 1.164-3.826; P = 0.014) were significant. Finally, of the pathologic parameters, pathologic CRM involvement was identified as significant not only for LRFS (HR, 9.580; 95% CI, 3.458-26.535; P < 0.001), but also for DFS (HR, 2.349; 95% CI, 1.352-4.068; P = 0.002). ypN was only significant for DFS (HR, 2.292; 95% CI, 1.290-4.067; P = 0.004). Given the prognostic importance of persistent CRM involvement and positive EMVI, the Kaplan-Meier survival curves based on ymrCRM and ymrEMVI status are shown in Fig. 2 . A subgroup analysis of the persistent CRM involvement group showed that the 5-year LRFS and DFS were significantly poor among patients with posi- (Fig. 3) .
DISCUSSION
In this study, the overall CRM conversion rate was 35.7% in patients with CRM invasion before pCRT. The oncologic outcomes of these patients who did not convert after pCRT were very poor, and positive EMVI on both pre-or posttreatment MRI could fur- ther prognostic information on these patients. Measurement of CRM involvement in rectal cancer is crucial and well-known as the most powerful prognostic factor for successful surgery [9] . Many studies support the value of CRM involvement not only for LRFS, but also for DFS and overall survival. These results clarified that CRM involvement after pCRT is also important even in patients without pCRT [9] . Although several studies proposed alternative clinical parameters (i.e., mrTRG, tumor volume based on MRI), many studies demonstrate the superiority of CRM [10, 11] .
The present study evaluates the significance of CRM in LARC requiring more extensive surgery (i.e., beyond the TME plane) af- ter standard long-course pCRT. The results suggest that pathologic CRM remains the most powerful independent prognostic factor for both LRFS and DFS. Multivariate analysis showed persistent CRM involvement of the posttreatment variable was an independent predictor for pathologic CRM involvement. This result supports the current NCCN guidelines, which regard ymrCRM as a decision tool for deferring surgery and additional chemotherapy. Actually, only 2 of 40 patients (5%) with converted CRM showed pathologic CRM involvement after surgery. By contrast, in patients showing persistent CRM involvement, ypCRM positive rate was 36%, and 4 (5.5%) R2 resections and 3 perforations (4.1%) were observed. Similarly, Simpson et al. [6] reported that 7 of their 18 patients (38.9%) with persistent CRM involvement on posttreatment MRI had positive histological margins. In this regard, we can infer that the specificity of posttreatment CRM is low in contrast to its high sensitivity. Therefore, we suggest that surgical exploration should not be abandoned, unless resection is strongly contraindicated, before we obtain firm evidence of a well-performed clinical study. However, surgical planning should include a wider safe margin when surgical resection is attempted in this clinical situation. In our study, ISR and APR were significant predictors of not only pathologic CRM involvement but also poor LRFS. This result is concurrent with that of our previous study that suggested a more radical modification of the standard APR in the treatment of patients with persistent CRM involvement [12] .
Furthermore, we identified the factors for prediction of persistent CRM involvement. Tumor location (≥5 cm) and presence of mrEMVI were predictors of persistent CRM involvement after preoperative CRT. This finding is consistent with the previous literature, which reports that negative baseline MRI EMVI (OR, 2.94; P = 0.007), tumor location ≤5 cm (OR, 1.96; P = 0.02), and mrEMVI status change (positive to negative) following pCRT (OR, 3.09; P < 0.001) were the only predictors for response rather than baseline tumor size and tumor stage [13, 14] . In terms of tumor location, the reason for the good tumor response after pCRT in lower rectal tumors is unclear. A plausible explanation is that relatively fixed anatomical structure in the lower rectum could enable more accurate radiotherapy. EMVI was defined as tumor cell invasion into the surrounding vessels. Concurrent with tumor location, positive mrEMVI (present in 78.5% of patients) was significantly associated with low CRM conversion rates. This result suggests that this subgroup of patients is resistant to current long-course pCRT and could benefit most from induction chemotherapy [15, 16] or additional systemic salvage treatment [4] .
In this study, as stated above, unacceptable high ypCRM involvement rate and poor LRFS in patients who did not achieve CRM conversion were shown. In addition to the unsatisfactory local control, poor DFS must also be considered in this group of patients. This result suggests that failure of CRM conversion can be a significant predictor of distant metastasis and local recurrence. Previous studies have shown that positive EMVI is significantly associated with poor 5-year OS, DFS, and LRFS [17] . Our result also showed similar results; positive mrEMVI was associated with a 6-fold increase in the risk of distant metastasis and reduction of 5-year DFS from 87% to 36.8% compared with patients without mrEMVI. Strikingly, this poor prognosis is more pronounced in patients with persistent CRM involvement, as shown in Fig. 3 . In a subgroup of patients with persistent CRM involvement, the 5-year DFS in patients with mrEMVI and ymrEMVI was 29.8% and 21.2%, respectively, which is similar to the oncologic outcome for resectable stage IV colorectal cancer [18] [19] [20] .
This study has potential limitations because of its retrospective nature and relatively small sample size. For example, more details on MR scoring (i.e., mrTRG, meEMVI, both systems use 5-scoring systems) systems were not used and analyzed. However, many strengths also exist, such as largely homogeneous management for a relatively short period of time, high rate of treatment compliance, and to the best of our knowledge, the largest number of patients analyzed.
In conclusion, our study suggests that the current treatment of pCRT and surgery be reconsidered for reaching agreement with NCCN guidelines. Posttreatment mrCRM and EMVI status can be used for decision-making for surgical treatment or salvage systemic treatment, initial baseline EMVI status is a candidate indicator for intensive induction chemotherapy.
